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1
BALLISTIC MICRONEEDLE INFUSION
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of a U.S. patent appli-
cation of Cole Constantineau et al. entitled “Ballistic
Microneedle Infusion System”, Ser. No. 13/303,027, filed
Nov. 22, 2011, now U.S. Pat. No. 8,814,831, which claims
the benefit under 35 U.S.C. §119(e) of a U.S. provisional
patent application of Cole Constantineau et al. entitled
“Ballistic Microneedle Infusion Device”, Ser. No. 61/344,
970, filed Nov. 30, 2010, the entire content of both of said
prior applications being incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to infusion sets,
including a disposable inserter for an infusion set, which
ensures proper positioning of insertion by using an adhesive
to hold an infusion set in position, and a ballistic inserter
releasably coupled with the infusion set to insert a needle at
a controlled rate of speed to a desired intradermal depth.

BACKGROUND OF THE INVENTION

A large number of people, including those suffering from
conditions such as diabetes use some form of infusion
therapy, such as daily insulin infusions to maintain close
control of their glucose levels. There are two principal
modes of daily insulin therapy. The first mode includes
syringes and insulin pens. These devices are simple to use
and are relatively low in cost, but they require a needle stick
at each injection, typically three to four times per day. The
second mode includes infusion pump therapy, which entails
the purchase of an insulin pump that lasts for about three
years. The initial cost of the pump can be significant, but
from a user perspective, the overwhelming majority of
patients who have used pumps prefer to remain with pumps
for the rest of their lives. This is because infusion pumps,
although more complex than syringes and pens, offer the
advantages of continuous infusion of insulin, precision
dosing and programmable delivery schedules. This results in
closer blood glucose control and an improved feeling of
wellness.

The use of an infusion pump requires the use of a
disposable component, typically referred to as an infusion
set or pump set, which conveys the insulin from a reservoir
within the pump into the skin of the user. An infusion set
typically consists of a pump connector, a length of tubing,
and a hub or base from which an infusion needle or cannula
extends. The hub or base has an adhesive which retains the
base on the skin surface during use, which may be applied
to the skin manually or with the aid of a manual or automatic
insertion device.

Currently, most insulin infusion sets deliver insulin to the
sub-cutaneous layers of skin using either fixed metal needles
or flexible plastic cannulas. Such infusion sets typically
deliver insulin 4-10 mm below the skin surface. However,
the upper 3 mm of skin surface, the intradermal space,
facilitates better drug absorption. Unfortunately, due to the
relative thinness of the intradermal layer, inserting a needle
at such depth and maintaining an infusion site over an
extended period of time within this narrow band is difficult.

Further, most insulin infusion sets typically do not pro-
vide any features to isolate the inserted needle from shock or
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2

other external forces. Since these infusion sets typically
deliver insulin 4-10 mm below the skin surface, shock or
other external forces to the set have less effect on the deeper
inserted needle. However, where an attempt is made to target
the upper 3 mm of skin surface, any shock or movement of
the set can adversely affect needle insertion and infusion
performance.

Still further, most insulin sets have inserters that can result
in skin surface “tenting” during needle insertion, where the
skin surface is deflected somewhat prior to or during needle
insertion which makes precisely targeting the upper 3 mm of
skin surface difficult.

Accordingly, a need exists for an infusion set that can
deliver content to the upper 3 mm of skin surface, the
intradermal space, to facilitate better drug absorption, while
maintaining a degree of comfort to the user.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
infusion set which can deliver insulin or other medicament
to the upper 3 mm of skin surface, the intradermal space, to
facilitate better drug absorption, while maintaining a degree
of comfort to the user.

Another object of the present invention is to provide an
infusion set having a disposable inserter that can insert a
needle at a depth to deliver insulin or other medicament to
the upper 3 mm of skin surface.

Another object of the present invention is to provide an
infusion set having a disposable inserter that can insert a
needle at a controlled high rate of speed to substantially
reduce tenting of the skin surface and insert a needle at a
depth to deliver insulin or other medicament to the upper 3
mm of skin surface.

Another object of the present invention is to provide an
infusion set having a disposable inserter that can be
removed, thereby leaving a low-profile infusion set at the
infusion site.

Another object of the present invention is to provide an
infusion set having a skin securing, adhesive layer to secure
the skin surface at the insertion site such that the inserter that
can insert a needle without a risk of tenting of the skin
surface.

Another object of the present invention is to provide an
infusion set that can isolate an inserted needle from external
forces such that the needle can be maintained at a depth to
deliver insulin or other medicament to the upper 3 mm of
skin surface during normal use.

These and other objects are substantially achieved by
providing an infusion set having a disposable inserter that
can insert a needle at a controlled high rate of speed to a
depth to deliver insulin or other medicament to the upper 3
mm of skin surface, and a skin-securing adhesive layer to
secure the skin surface at the insertion site such that the
inserter that can insert a needle without a risk of tenting of
the skin surface. The disposable inserter can be removed,
thereby leaving a low-profile infusion set at the infusion site.
The position of the inserted needle can be maintained by
providing an inner and outer hub of the infusion set that can
isolate the inserted needle from external forces such that the
needle can be maintained at a depth to deliver insulin or
other medicament to the upper 3 mm of skin surface during
normal use.

BRIEF DESCRIPTION OF THE DRAWINGS

The various objects, advantages and novel features of the
exemplary embodiments of the present invention will be
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more readily appreciated from the following detailed
description when read in conjunction with the appended
drawings, in which:

FIG. 1 is a perspective view of an infusion set and a
disposable ballistic inserter in an assembled position in
accordance with an embodiment of the present invention;

FIG. 2 is a bottom perspective view of the infusion set and
disposable ballistic inserter of FIG. 1 in accordance with an
embodiment of the present invention;

FIG. 3A is a cross-sectional view of the infusion set and
disposable ballistic inserter of FIG. 1 prior to activation, in
accordance with an embodiment of the present invention;

FIG. 3B is a cross-sectional view of the infusion set and
disposable ballistic inserter of FIG. 1 after activation, in
accordance with an embodiment of the present invention;

FIG. 4 is a cross-sectional view of the infusion set after
activation and removal of the disposable ballistic inserter but
prior to attachment to the infusion pump tube attachment, in
accordance with an embodiment of the present invention;

FIG. 5 is a cross-sectional view of the infusion set after
activation and attachment to the infusion pump tube attach-
ment, in accordance with an embodiment of the present
invention;

FIG. 6 is a set of enlarged views of the table of the
infusion set of FIG. 1, in accordance with an embodiment of
the present invention;

FIG. 7 is a set of enlarged sectional views of the lower
inserter housing of the disposable ballistic inserter and the
infusion set, in accordance with an embodiment of the
present invention; and

FIG. 8 is an enlarged view of the lower inserter housing
of the disposable ballistic inserter being deflected away and
released from the infusion set, in accordance with an
embodiment of the present invention.

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components and structures.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The exemplary embodiments of the present invention
deliver insulin or other medicament to the intradermal layers
of the skin via a standard insulin pump or other similar
device. By utilizing a disposable ballistic inserter, a skin
securing adhesive, and an isolated inner hub, proper inser-
tion and maintenance of the inserted needle in the intrader-
mal space is ensured using a low profile set, while main-
taining a degree of comfort to the user.

The exemplary embodiments of the present invention
provide an exemplary infusion set having a disposable
ballistic inserter that can insert a needle at a depth to deliver
content to the upper 3 mm of skin surface. To do so, the
exemplary embodiments comprise a disposable ballistic
inserter that can insert a needle of an infusion set at a
controlled high rate of speed to substantially reduce tenting
of' the skin surface and insert the needle at a depth to deliver
insulin or other medicament to the upper 3 mm of skin
surface. The disposable ballistic inserter can be removed,
thereby leaving a low-profile infusion set at the infusion site.
The infusion set is also provided with at least one skin
securing, adhesive layer to secure the infusion set to the skin
surface at the insertion site, such that the ballistic inserter
when activated by the user is at the correct position relative
to the skin surface, and such that the skin is secured during
insertion to further aid needle insertion without a risk of
tenting of the skin surface. The infusion set is still further
provided with an inner and outer hub that can isolate an
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inserted needle from external forces such that the needle can
be maintained at a depth to deliver content to the upper 3 mm
of skin surface during normal use.

FIGS. 1 and 2 are perspective views of an infusion set and
a disposable ballistic inserter in an assembled configuration
in accordance with an embodiment of the present invention,
and FIG. 3A is a cross-sectional view of the infusion set and
disposable ballistic inserter of FIG. 1 prior to activation. In
a preferred embodiment, the infusion set and disposable
ballistic inserter are received by the user in the assembled
configuration, but embodiments of the present invention are
not limited thereto.

As shown in FIGS. 1, 2 and 3A, the infusion set 100 is
releasably secured to the disposable ballistic inserter 200 for
placement of the infusion set and insertion of a needle or
cannula into a skin surface. To do so, the infusion set 100 can
comprise an outer hub 102, an inner hub 104 (i.e., needle
hub), and a surrounding member 106. The inner hub 104 can
comprise at least one needle 108. The needle 108 can
preferably comprise a 34 gauge, single-bevel stainless steel
needle/cannula, but embodiments are not limited thereto. In
yet other embodiments of the present invention, the needle
108 can be plastic or other material, between 25 gauge and
36 gauge, and be provided with a tri-bevel or 5-bevel, and
be between 1.0 and 10 mm long, but embodiments are not
limited thereto. The needle 108 can be bonded to the inner
hub 104 with an adhesive, such as a Loctite/UV cured
adhesive, or can be over molded with, or threaded into the
inner hub 104. The surrounding member 106 can comprise
an outer skin adhesive 110, and the inner hub 104 can
comprise an inner skin adhesive 112. In exemplary embodi-
ments of the present invention described below, the hubs and
other elements can be constructed of a molded plastic
material, polycarbonate, thermoplastic polymer such as
polyethylene terephthalate (PET and PETG), or similar
materials.

As shown in greater detail in FIG. 4, the outer hub 102 of
the infusion set 100 comprises a low-profile, substantially
circular, dome shape with rounded edges and a number of
features to releasably secure the ballistic inserter 200 and
after removal thereof, releasably secure a tube set connec-
tion. To do so, the upper surface of the outer hub 102
comprises a septum/valve connection 114 for connection
with a tube set connector after removal of the ballistic
inserter 200. The connection 114 is connected to the inner
hub 104 via at least one flexible tubing 116. In an exemplary
embodiment of the present invention, the inner hub 104 is
connected to the outer hub 102 solely through the flexible
tubing 116 after removal of the ballistic inserter 200. Prior
to insertion, the inner hub 104 is held within the outer hub
102 by a table 212 as described in greater detail below. After
activation, the inner hub 104 is held in place by the inner
skin adhesive 112, and is connected to the outer hub 102
through the flexible tubing 116.

As further shown in FIG. 4, the outer hub 102 has a
diameter which can releasably fit within an opening of the
ballistic inserter 200 as described in greater detail below.
The upper surface of the outer hub 102 still further com-
prises one or more arcuate openings 118 positioned over the
inner hub 104. In doing so, arms 220 of the table 212 of the
ballistic inserter 200 can pass through the outer hub 102 and
contact and secure the inner hub 104. Further, the arcuate
form of the openings 118 allow rotation of the arms 220 of
the table 212, and one or more gaps 120 in the openings 118
can permit the arms of the table 212 to be pulled free from
the outer hub 102 of the infusion set 100 and discarded as
described in greater detail below.
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The outer hub 102 still further comprises a stepped rail
122 around an outer circumference for releasably securing
the ballistic inserter 200 to the infusion set 100. The stepped
rail 122 is provided as a guidance feature to align travel in
the normal direction after impact. Further, the stepped rail
122 comprises chamfers that are configured to allow the
lower inserter housing 204 to be rotated clockwise as
described in greater detail below. Rotating the lower inserter
housing 204 causes attachment arms of the lower inserter
housing 204 to flex out, thereby allowing the ballistic
inserter 200 to be removed from the infusion set 100.

Returning to FIGS. 1, 2 and 3A, the ballistic inserter 200
comprises a button 202 slidably coupled to a lower inserter
housing 204. The button 202 is configured to slidably
engage the lower inserter housing 204 as guided by one or
more tracks 206 on an outer surface of the lower inserter
housing 204. A ballistic hammer 208 is captured within the
assembled button 202 and lower inserter housing 204, and is
configured to be driven downward by a spring 210. The table
212 is positioned within the lower inserter housing 204 to
extend through the outer hub 102 of the infusion set 100 as
described above, and to contact and secure the inner hub
104. Prior to insertion, the inner hub 104 is held within the
outer hub 102 by the table 212. To do so, the table 212 is
releasably locked to the inner hub 104 via one or more arms
220 which protrude through openings 118 of the outer hub
102, and capture detents 222 on an upper surface of the inner
hub 104. The arms 220 of the table 212 can be released from
the detents 222 of the inner hub 104 by a twisting motion as
described in greater detail below.

The button 202 captures the spring 210 between a closed
upper button surface within member 218 and the hammer
208. In doing so, the spring 210 is configured to urge the
hammer 208 downward upon loading and release of the
hammer. However, prior to activation, the hammer 208 is
held from downward movement by one or more arms 214
and inclined detents 216 thereon, held by an opening in the
lower inserter housing 204.

Accordingly, downward movement of the button 202
serves to first compress the spring 210. At or near an end of
downward travel of the button 202, member 218 of the
button 202 contact the inclined detents 216 of the hammer
208, which releases the one or more arms 214 and inclined
detents 216 from the opening in the lower inserter housing
204 and the hammer 208 is released and urged downward by
the spring 210. The button 202 is then locked to the lower
inserter housing 204 at this point via button snaps 203
capturing detents on the lower inserter housing 204 as
shown in FIG. 3B.

Once released by the button 202, the hammer 208 is urged
downward and strikes the table 212. The struck table 212
now moves downward and the arms 220 of the table 212
extending through the outer hub 102 moves the inner hub
104 and needle 108 downward such that the inner hub 104
is placed at the infusion site, secured via adhesive 112, and
needle 108 is inserted. In doing so, the inner hub 104 and
needle 108 are driven into the skin surface at a controlled
high rate of speed, of 3.3 ft/sec. (1.0 m/sec.) up to and
including those greater than 10 ft/sec. (3.0 m/sec.), which
minimizes the risk of tenting at needle insertion. By using
such a driving spring, a high-speed insertion is achieved
which is considered more reliable for insertion of short (i.e.,
1.5 mm) needle or cannula.

As noted above, precise insertion is achieved by first
securing the infusion set 100 to the infusion site via the
adhesive 110, which permits the user to activate the dispos-
able ballistic inserter 200 at the proper alignment as
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described above, and insert the needle. In doing so, the
needle is driven into the skin surface at a controlled high rate
of speed to minimize the risk of tenting at needle insertion.
Further, the adhesive 110 at or very near the insertion site
secures the skin surface and further minimizes tenting of the
skin surface during insertion.

After insertion, the user can then turn or twist the ballistic
inserter 200 relative to the secured infusion set 100 for
release. Specifically, the infusion set 100 is secured to the
infusion site via the adhesive 110 and 112, which permits the
user to turn the ballistic inserter 200 relative to the set 100
for release without affecting infusion set position, such that
the rail 122 and openings 118 and 120 of the outer hub 102
allow the release and removal of the disposable ballistic
inserter 200. Specifically, the arms 220 of the table member
212 of the ballistic inserter 200 pass through the outer hub
102 and contact and secure the inner hub 104. The table 212
is releasably locked to the inner hub 104 via arms 220 which
protrude through openings 118 of the outer hub 102, and
capture detents 222 on an upper surface of the inner hub 104.
The arms 220 of the table 212 can be released from the
detents 222 of the inner hub 104 by a twisting motion. The
arcuate form of the openings 118 allow rotation of the arms
220 of the table 212, and gaps 120 in the openings 118
permit the arms 220 of the table 212 to be pulled free from
the outer hub 102 of the infusion set 100. Further, rotating
the lower inserter housing 204 causes attachment arms of the
lower inserter housing 204 to flex out, thereby allowing the
ballistic inserter 200 to be removed from the infusion set
100.

In an exemplary use of the embodiments of the present
invention, proper insertion of the infusion set 100 into the
delivery site consists of three straightforward steps. First, the
infusion set 100 and ballistic inserter 200 are positioned and
used to insert the needle 108 into the intradermal layers of
the skin. To do so, an adhesive covering backing (not shown)
if provided, can be peeled off one or both of the skin
adhesive layers 110 and 112 of the infusion set 100, and the
infusion set 100 is adhered to the skin surface in the area of
the desired infusion site. The user then presses downward on
the inserter button 202, loading the spring 208, releasing the
hammer 208 to strike the table 212, which moves the inner
hub 104, placing the inner hub 104 of the infusion set at the
infusion site and inserting the needle 108 into the skin
surface of the infusion site.

Second, the ballistic inserter 200 is removed from the
infusion set 100 with a twisting motion and then discarded,
leaving the low-profile infusion set 100 in place. As shown
in FIG. 4, the infusion set 100 is then exposed to receive the
tube set connection (not shown). Once in position, the inner
hub 104 is fully enclosed by the outer hub 102, and is
connected to the outer hub 102 solely through the flexible
tubing 116 after removal of the ballistic inserter 200. Fur-
ther, the inner hub is adhesively secured to the skin surface
using the adhesive layer 112 that is separate from the
adhesive layer 110 securing the outer hub 102 to the skin
surface. Third, the user can then attach the tube set connec-
tion as shown in FIG. 5 to the valve connection 114 of the
outer hub 102 using one or more of the features used to
secure the ballistic inserter 200 to the infusion set 100. FIG.
5 is a cross-sectional view of the infusion set after activation
and attachment to the infusion pump tube attachment, in
accordance with an embodiment of the present invention.

As shown in FIG. 5, the infusion pump tube attachment
224 can comprise a substantially dome-shaped component to
cover, enclose and secure with the outer hub 102. To do so,
the exemplary attachment 224 comprises a dome-shaped
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component having an opening to receive the outer hub 102,
and includes connector snaps 226 to attach the infusion
pump tube attachment 224 to the stepped rail 122 of the
outer hub 102 similar to the connection with the ballistic
inserter 200. Release of the infusion pump tube attachment
224 can also be performed in a manner similar to the release
of the ballistic inserter 200, wherein a turning motion of the
attachment 224 deflects the connector snaps 226 from the
stepped rail 122 of the outer hub 102 and releases the
infusion pump tube attachment 224. Further, the infusion
pump tube attachment 224 can be provided with a connector
needle or cannula 230 for piercing the septum/valve con-
nection 114 of the outer hub 102, and can be provided with
the tube 228 for connection with an infusion pump (not
shown).

The user can prime the pump tube attachment 224 prior to
attachment to the infusion set 100, and then deliver insulin
or other medicament to the infusion site via the attached
infusion pump (not shown).

Inside the exemplary device, the inner hub 104 is entirely
contained within the outer hub 102, and the ballistic inserter
200 can be connected to the inner hub 104 through openings
in the outer hub 102. As noted above, the ballistic inserter
200 comprises the button 202, spring 210, hammer 208 and
table 212. Accordingly, as the user presses downward on the
inserter button 202, the spring 210 is loaded up against the
hammer 208, which is snapped to the lower inserter housing
204. When the spring 210 is frilly compressed, the same
downward motion unlatches the hammer snaps of arms 214,
and the button 202 is locked into the lower inserter housing
204.

The spring 210 is compressed until it gains a maximum
potential energy. This energy is determined by calculating
the torsional stresses built up in the spring as it is com-
pressed. By calculating potential energy, and the kinetic
energy at the point of needle insertion, an insertion velocity
can be calculated. In an exemplary embodiment of the
present invention, the spring 210 is configured to insert an
exemplary needle at a controlled high rate of speed, of 3.3
ft/sec. (1.0 m/sec.) up to and including those greater than 10
ft/sec. (3.0 m/sec.). Depending upon cannula sharpness, a
high terminal velocity produces more reliable results for
intradermal insertions of short (i.e., 1.5 mm) needle or
cannula.

When the hammer snaps of arms 214 are unlatched, the
hammer 208 is propelled downward by the spring 210
toward the table 212. The table 212 is releasably locked to
the inner hub 104 via one or more arms 220 which protrude
through the outer hub 102. When the hammer 208 collides
with the table 212, the inner hub 104 moves downward,
adheres to the skin surface, and pierces the skin surface with
the needle 108.

Prior to insertion, the table 212 prevents rotation of the
ballistic inserter 200 with respect to the outer hub 102. FIG.
6 is a set of enlarged views of the table of the infusion set
of FIG. 1, in accordance with an embodiment of the present
invention. As shown in FIG. 6(a), the table 212 comprises on
or more arms 220 having a number of features thereon. For
example, the arms 220 comprise a vertical face member 221
to prevent rotation relative to the outer hub 102 before
insertion as shown in FIG. 6(c). The members 221 are
caught by openings 225 in the outer hub 102. After insertion,
members 221 are below openings 225 in the outer hub 102,
such that the table 212 is free to rotate relative to the outer
hub 102 as shown in FIG. 6(d). The arms 220 further
comprise one or more undercuts 223 which are configured to
capture the detents 222 on the upper surface of the inner hub
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104. The arms 220 of the table 212 can be released from the
detents 222 of the inner hub 104 after insertion, by the same
twisting motion that releases the lower inserter housing 204
from the set as described above.

After the needle 108 is inserted, and the table 212 and
inner hub 104 are in a down position, the user can turn the
ballistic inserter 200 clockwise), and the table 212 rotation-
ally slides away from the inner hub 104 which is locked to
the skin surface via the adhesive layer 112. This turning
motion also flexes the lower inserter housing 204 snaps 205
outward, away from the outer hub 102. As described above
and shown in FIGS. 7(a), 7(b) and 7(¢), and in FIG. 8, the
outer hub 102 comprises the stepped rail 122 with chamfers
around an outer circumference for releasably securing the
ballistic inserter 200 to the infusion set 100, and for later
releasably securing the infusion pump tube attachment 224
with the outer hub 102. To do so, the lower inserter housing
204 comprises attachment arms with snaps 205 for securing
the lower inserter housing 204 to the rail 122 of the outer hub
102. The lower inserter housing 204 further comprises
elements 207 which are configured to engage the chamfers
227 of the rail 122. In doing so, the stepped rail 122 is
configured to allow the lower inserter housing 204 to be
rotated (e.g., clockwise) which causes the attachment arms
of snaps 205 of the lower inserter housing 204 to flex out as
urged by contact with the chamfers 227 of the rail 122,
thereby allowing the inserter 200 to be removed from the set
100. The user can now pull off the ballistic inserter 200 for
disposal.

Accordingly, a simple rotational and vertical motion can
be used to release the ballistic inserter 200. Potentially, a
rotational unlocking motion can cause an infusion set to peel
off the skin surface if the user twists the entire assembly at
an angle. Disconnecting the ballistic inserter 200 from the
outer hub 102 after the down stroke of the button 202
minimizes this risk, and is more ergonomic and reliable.

To ensure shock isolation of the inner hub 104, the inner
hub 104 is fully enclosed by the outer hub 102, and is
connected to the outer hub 102 solely through the flexible
tubing 116 after removal of the ballistic inserter 200. Fur-
ther, the inner hub is adhesively secured to the skin surface
using the adhesive layer 112 that is separate from the
adhesive layer 110 securing the outer hub 102 to the skin
surface. The inner hub 104 has a separate adhesive, and is
connected to the outer hub 102 via only the flexible tube 116,
such that the inner hub 104 is protected from external
vibrations and forces. In the exemplary embodiment shown,
the flexible tubing 116 at least partially loops upward (on the
vertical) between the inner hub 104 and the outer hub 102,
which permits a smaller footprint device profile. As noted
above, the inner hub 104 is connected to the outer hub 102
solely through the flexible tubing 116. Prior to insertion, the
inner hub 104 is held within the outer hub 102 by the table
212. After activation and release and removal of the table
212, the inner hub 104 is held in place by the inner skin
adhesive 112 beneath the inner hub 104, and is connected to
the outer hub 102 through the flexible tubing 116. The tube
set connection 224 can then be snapped over the same
features which held the ballistic inserter 200, and rotated to
allow for comfortable pump tube routing.

In the disclosed arrangement, the needle 108 is protected
from external forces and vibrations by the outer hub 102,
and the isolation of the inner hub 104. By carefully isolating
the inner hub 104 and the needle 108 from external forces,
the needle position within the intradermal layer is main-
tained.
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Further, the arrangement of the assembled set 100 and
ballistic inserter 200 ensure proper alignment and position-
ing. Most existing inserters are either oversized, to ensure an
insertion force perpendicular to the skin surface, or are thin
and portable, which can lead to misaligned insertion. In the
exemplary embodiments of the present invention, by first
adhering or “locking” the outer skin adhesive 110 of the
infusion set 100 to the skin surface, the ballistic inserter 200
is aligned properly for needle insertion. Accordingly, the
exemplary embodiments of the present invention can
include a relatively small inserter which is properly aligned
with the infusion site at a time of use.

Such a system and method further allows the use of a
small intradermal needle, or microneedle, which can be
placed perpendicular to the skin surface, and which is
isolated from outside forces, thereby maintaining position
and causing less pain to the user during use. Still further, by
infusing into the intradermal layer of the skin, the exemplary
embodiments of the present invention offer the potential for
better absorption of insulin when compared to subcutaneous
delivery systems. In doing so, it may be possible for the
typical user to both consume less insulin and maintain a
better medicament regime. It will be appreciated that mul-
tiple needles or microneedles can be used, if desired, in place
of a single needle or microneedle.

As noted above, intradermal infusion sets are at risk of
tenting, which is the undesired effect where skin is deflected
at or during insertion, creating a shape associated with a tent.
In doing so, the skin surface tents during needle insertion
rather than needle penetration into the skin. However, since
the present invention provides a needle which is inserted at
a controlled high rate of speed, of 3.3 fi/sec. (1.0 m/sec) up
to and including those greater than 10 ft/sec., and wherein
the skin surface is secured at and/or near the insertion site,
the exemplary embodiments of the present invention do not
present such a risk and ensure more precise needle insertion
depth.

In existing steel cannula infusion sets which deliver
insulin to the subcutaneous layer, the needle is not isolated
from any undesired outside forces which may cause pain
when translated to the needle and the needle moves within
the skin. Also, other intradermal devices face problems of
premature or otherwise undesired needle removal when the
device is bumped if the needle is not isolated form the
outside forces.

In the exemplary embodiments of the present invention,
the intradermal needle is isolated from outside forces by at
least three features. First, the outer hub 102 shields the
sensitive inner hub 104 from direct contact with external
forces. Second, the inner hub 104 and outer hub 102 are
secured to the infusion site via separate adhesive segments.
Third, the connection between the outer hub 102 and the
inner hub 104 is extremely flexible, so that any forces
imparted on the protective outer hub 102 do not carry over
to the needle 108. For example, the provision of the flexible
tubing connection 116, along with the outer hub 102, serves
to effectively isolate the needle 108 from the outside forces
and other interference.

Proper inserter alignment is accomplished by providing a
solid, fixed foundation for the user to press the inserter
button. Such a solid, fixed foundation is provided by the
surrounding member 106, outer skin adhesive 110, and the
inner skin adhesive 112. The skin adhesive layers secure the
set 100 at a desired orientation, such that the attached
ballistic inserter 200 is also at a desired orientation of use,
and the user is substantially prevented from holding the
inserter at angles to the insertion site. Accordingly, precise,
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repeatable insertions are accomplished via the pre-adhesion
of the outer hub 102. By fixing a ring of skin around the
actual insertion site, movement of the skin surface relative
to the inner hub are reduced.

Existing infusion sets sometimes require the use of a
separate inserter. In the exemplary embodiments of the
present invention described herein, the user does not have to
carry a separate inserter or load the infusion set onto an
inserter. The integrated system allows the user more freedom
from carrying and loading a separate inserter resulting in
improved convenience and simpler operation.

Although only a few exemplary embodiments of the
present invention have been described in detail above, those
skilled in the art will readily appreciate that many modifi-
cations are possible in the exemplary embodiments without
materially departing from the novel teachings and advan-
tages of this invention. Accordingly, all such modifications
are intended to be included within the scope of this invention
as defined in the appended claims and their equivalents.

What is claimed is:

1. An infusion system, comprising:

an infusion set and an inserter, wherein:

said infusion set comprises an inner hub and an outer hub

configured to receive a tube for connection to an
infusion pump;

at least one of said inner hub and said outer hub is

releasably secured by said inserter;

said inserter comprises an inserter button and a spring;

said inserter button is configured to release said spring

and drive said infusion set for placement at an infusion
site; and

activation of said inserter button sequentially compresses

said spring to create a driving force and releases said
spring to trigger said inserter.

2. The infusion system as recited in claim 1, further
comprising a flexible tube coupled between said inner hub
and said outer hub and providing a fluid communication path
therebetween.

3. The infusion system as recited in claim 1, wherein said
spring is configured to place said infusion set at a controlled
rate of speed of at least 3.3 ft/sec. (1.0 m/sec.).

4. An infusion system, comprising:

an infusion set and an inserter, wherein:

said infusion set comprises an inner hub and an outer hub

configured to receive a tube for connection to an
infusion pump;

at least one of said inner hub and said outer hub is

releasably secured by said inserter;

said inserter comprises an inserter button and a spring;

said inserter button is configured to release said s and

drive said infusion set for placement at an infusion site;
and

activation of said inserter button sequentially compresses

said spring and releases said spring to trigger said
inserter, and further comprising:

a first adhesive layer disposed on a surface of said inner

hub; and

a second adhesive layer disposed on a surface of said

outer hub, wherein said first adhesive layer is separate
from said second adhesive layer.

5. An infusion system, comprising:

an infusion set and an inserter, wherein:

said infusion set comprises an inner hub and an outer hub

configured to receive a tube for connection to an
infusion pump;

at least one of said inner hub and said outer hub is

releasably secured by said inserter;
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said inserter comprises an inserter button and a spring;

said inserter button is configured to release said spring

and drive said infusion set or placement at an infusion
site; and

activation of said inserter button sequentially compresses

said spring and releases said spring to trigger said
inserter, and further comprising:

ahammer disposed at an end of said spring and configured

for release by movement of said inserter button; and

a table rotationally secured to said inner hub and config-

ured to be struck by said hammer.

6. The infusion system as recited in claim 5, wherein said
table is configured to releasably secure said inner hub in a
retracted position within said outer hub.

7. The infusion system as recited in claim 5, wherein:

said table comprises a first detent; and

said inner hub comprises second detent, wherein said first

detent is configured to rotationally engage with said
second detent to releasably secure said table with said
inner hub.

8. The infusion system as recited in claim 7, wherein:

said outer hub comprises a third detent; and

said lower inserter housing comprises a fourth detent,

wherein said third detent is configured to rotationally
engage with said fourth detent to releasably secure said
inserter with said outer hub.

9. An infusion system, comprising:

an infusion set and an inserter, wherein:

said infusion set comprises an inner hub and an outer hub

configured to receive a tube for connection to an
infusion pump;

at least one of said inner hub and said outer hub is

releasably secured by said inserter;

said inserter comprises an inserter button and a string;

said inserter button is configured to release said spring

and drive said infusion set for placement at an infusion
site;

activation of said inserter button sequentially compresses

said spring and releases said spring to trigger said
inserter; and

said inserter further comprises a lower inserter housing,

slidably coupled with said inserter button, and rigidly
coupled with said outer hub.
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10. An inserter, comprising:

an inserter button and a lower inserter housing slidably
coupled with said inserter button and configured to be
coupled with an infusion set; and

a spring captured between said inserter button and said
lower inserter housing;

wherein said inserter button is configured to release said
spring to drive said infusion set for placement at an
infusion site;

wherein activation of said inserter button sequentially
compresses said spring to create a driving force and
releases said spring to trigger said inserter; and

wherein said infusion set comprises a hub configured to
receive a tube for connection to an infusion pump.

11. The inserter as recited in claim 10, wherein said spring

is configured to place said infusion set at a controlled rate of
speed of at least 3.3 ft/sec. (1.0 m/sec.).

12. An infusion set, comprising:

an inner hub and a first adhesive layer disposed on a
surface of said inner hub;

an outer hub; and

a second adhesive layer disposed on a surface of said
outer hub, wherein said first adhesive layer is separate
from said second adhesive layer;

wherein at least one of said inner hub and said outer hub
is releasably secured by an inserter having an inserter
button and a spring; and

wherein activation of said inserter button sequentially
compresses said spring and releases said spring to
trigger said inserter.

13. The infusion set as recited in claim 12, further

comprising a flexible tube coupled between said inner hub
and said outer hub and providing a fluid communication path
therebetween.

14. The infusion set as recited in claim 12, wherein:

said inner hub comprises first detent, wherein said first
detent is configured to rotationally engage with a detent
of an inserter to releasably secure said inserter with said
inner hub; and

said outer hub comprises a second detent, wherein said
second detent is configured to rotationally engage with
a detent of said inserter to releasably secure said
inserter with said outer hub.
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